207Pb/206Pb single-grain zircon, 40Ar/39Ar single-grain hornblende and biotite, and 40Ar/39Ar bulk-sample muscovite and biotite ages from the Nelshoogte trondhjemite pluton located in eastern Transvaal, South Africa, show that this granitoid had a protracted thermal history spanning 3213±4 Ma to about 3000 Ma. Whole-rock 40Ar/39Ar ages from cross-cutting dolerite dykes indicate that these were intruded at about 1900 Ma. There is no evidence of this or other, later events significantly affecting the argon systematics of the minerals from the pluton dated by the 40Ar/39Ar method.
INTRODUCTION
indicate polar palaeolatitudes for the Kaapvaal Craton in both For many years, the interpretation of Archaean palaeomagthe early (Komati) and late (Modipe) Archaean. Subsequent netic data has been hampered by the lack of precise ages to studies of late-Archaean units such as the 2870 Ma Usushwana assign to particular palaeomagnetic poles. Refinements in Complex (Layer et al. 1988a ) and the 2687 Ma Mbabane Granite Pluton (Layer et al. 1989) of Swaziland provide U-Pb and 40Ar/39Ar dating methods make it possible to assign ages to palaeomagnetic poles better. With more evidence of intermediate and equatorial latitudes, respectively. In addition, Evans, Beukes & Kirschvink (1997) report eviprecisely dated poles, questions regarding Archaean apparent polar wander and magnetic field evolution (e.g. dipole versus dence of low latitudes for the Palaeoproterozoic (2222 Ma) Ongeluk lavas of the Transvaal Group. These data indicate non-dipole effects and palaeointensity) can be addressed more fully.
that there has been significantly more apparent polar wander in the Archaean and early Palaeoproterozoic than was Evans (1967) first suggested that southern Africa experienced significant apparent polar wander in the late Archaean and apparent with the limited data available to Hale (1987) .
Here we report the results of a palaeomagnetic and geochearly Proterozoic, on the basis of poles from the Modipe Gabbro (Evans & McElhinny 1966) , the Great Dyke ronologic study of the trondhjemitic Nelshoogte Pluton located in eastern Transvaal, South Africa. The 207Pb/206Pb zircon age (McElhinny & Gough 1963) and the Gaborone Granite (Evans 1967) . Hale (1987) used these data and a pole from the Komati of this pluton is about 3213 Ma, clearly Archaean, and a stable pole obtained from it provides further evidence for significant Formation in the Barberton Greenstone Belt (Hale & Dunlop 1984) to support a hypothesis of no apparent polar wander in Archaean apparent polar wander, contrary to Hale's (1987) hypothesis. the Archaean. This conclusion was based on the observation
The NHP is generally a coarse-grained trondhjemite com-GEOLOGICAL OVERVIEW posed of plagioclase, quartz, microcline, biotite, epidote, muscovite and minor opaques. The biotite crystals are subhedral The Nelshoogte Pluton (NHP) is one of several plutons of tonalitic-trondhjemitic composition which surround the to euhedral, and define the foliation. They are pleochroic, light greenish yellow to reddish brown. The biotites are variably Barberton Greenstone Belt (BGB) in the eastern Kaapvaal Craton, South Africa (Fig. 1) . It is exposed as a semicircular altered to green chlorite and epidote. The average alteration to chlorite may be 50 per cent or more. Muscovite occurs as coarse body some 20 km in diameter with the (presumed) western half of the pluton covered by the Transvaal Supergroup. In prisms up to 1-2 mm in length, invariably associated with the biotite, and as fine sericite needles in the saussuritized plagiothe eastern Transvaal, the Transvaal Supergroup and related rocks form a thick sequence with an age range from clase. Quartz-rich and feldspar-rich bands define a concentric foliation. This foliation is accentuated by patchy chloritized 2552±11 Ma at the base to 2432±31 Ma near the top of the sequence (Barton et al. 1994 (Robb et al. 1986; Hunter & Reid 1987) . In the course of field sampling, a second set of microgabthe Badplaas trondhjemitic cell (Fig. 1 ). The contact with the KVP is not well exposed. It is presumed, on the basis of bro dykes (MGDs) with a trend similar to the dolerite dykes ( henceforth referred to as DDs) but with a coarser grain size isotopic evidence and regional geological models, that the NHP intrudes the KVP (Robb et al. 1986 ). The contact was identified. The MGDs show evidence of slow cooling, and there are signs of reaction between the pluton and the dyke between the NHP and the schists of the BGB to the east is a sheared margin.
along the margin. The overlying Transvaal Supergroup sediments dip gently (<5°) to the west, implying that the NHP has not been tilted significantly since about 2500 Ma. The 3104±4 Ma Mpuluzi Batholith (Kamo et al. 1990 ) located 20 km south of the NHP is a large sheet-like batholith and also shows no evidence of internal deformation or tilting (Anhaeusser & Robb 1983) . Thus, it is likely that the NHP has not experienced major tilting since 3100 Ma, and in the following discussion we assume no post-magnetization tilt. However, we cannot conclusively rule out that tilt may have occurred prior to the deposition of the Transvaal Supergroup.
AGE DETERMINATIONS
A Rb-Sr whole-rock isochron age of 3180±75 Ma and a Rb-Sr biotite whole-rock age of 2993±60 Ma have been determined for the NHP (Barton et al. 1983) . A model 207Pb/206Pb age of 3220±80 Ma was also reported for apatite separates from the pluton (Barton et al. 1983) .
Pb-Pb single-grain dating
Zircon grains from a sample labelled 'AGD', from sampling technique (Kober 1986 (Kober , 1987 . In this method, chemically untreated zircons about 100-200 microns in size are embedded in the evaporation filament of a rhenium double-filament Nelshoogte Pluton identified by the numbers BT-1C and BT-1F were petrographically similar and were classified as arrangement, and Pb is then evaporated in a mass spectrometer during the heating of the grain. Details of the technique are trondhjemite. In addition, two whole-rock fragments from two cross-cutting doleritic dykes were analysed. All samples were reported by Kober (1986 Kober ( , 1987 and Krö ner & Todt (1988) . Kober (1986) has shown that the Pb components with the taken from the vicinity of palaeomagnetic sampling site 22 (Fig. 1 Fig. 2 ), which is consistent with, but more precise than, the previously reported apatite age.
cylinder with a 120°spacing. All cans were irradiated for about 150 h in the enricheduranium research reactor at McMaster University in Hamilton, Conventional 40Ar/39Ar dating experiments Ontario, at position 5C, where variations in the flux gradient are less than 1 per cent (Masliwec 1981) . As the standards Two specimens in the trondhjemite were studied by the 40Ar/39Ar step heating method. The samples from the were all placed symmetrically around the perimeter of the can, a weighted mean of the 40Ar*/39Ar values for the three on the BT-1F biotite yielded a plateau age of 2952±8 Ma. The total K and Ca estimates for these biotites are 6.7 per standards was used in the ensuing calculations.
The mineral separates were analysed by the step-heating cent K and 0.3 per cent Ca for sample BT-1C and 3.9 per cent K and 1.2 per cent Ca for sample BT-1F. The difference method as detailed by Berger & York (1981) , using a Lindberg furnace with refined temperature control, to obtain about 15 in ages between the two samples could be due to an increased degree of chloritization in the BT-1F biotite with respect to fractions up to 1200°C. The majority of the samples were subsequently completely fused by means of a radio-frequency the biotite from site BT-1C, which is also reflected in the lower K and higher Ca observed in the BT-1F biotite. (RF) system capable of reaching 1600°C. The hb3gr standards were fused in one-step analyses by means of the University of
The results obtained on the microcline samples yielded much lower integrated ages for both samples. Duplicate analyses for Toronto laser probe (York et al. 1981) . The whole-rock fragments were step-heated in less detail, with only 10 fractions the BT-1C microcline and a single experiment on the BT-1F microcline show staircase spectra, indicative of significant being collected. These experiments were conducted entirely with the RF system. argon loss (Fig. 4) . Mathematical modelling of the age spectra following Hall & York (1982) was attempted. However, meanArgon isotope ratios in the purified gases of both the samples and the standards were measured with an MS-10 mass specingless and inconsistent results were obtained for both samples. The complicated age spectra indicate that these microclines trometer run in static mode. The mass-spectrometric ratios were then corrected for mass discrimination, sensitivity, neumay have multiple domain sizes and may have experienced a complex thermal history (Lovera et al. 1989) , and therefore tron interference, radioactive decay of 37Ar and atmospheric contamination, using a program developed by . In cannot be modelled by simple diffusional loss. Two whole-rock samples from two different dolerite dykes all analyses, the decay constants recommended by Steiger & Jäger (1977) (Appendix A) were used to calculate the ages. The were analysed ( Fig. 5 and Appendix A). Both samples yielded significantly younger ages of about 1900 Ma. Sample analytical precision was determined as described by and is reported as two standard deviations (2s). Integrated KD-15B12 yielded a more perturbed spectrum than did sample KD-4B3. The segment of the age spectrum which was ages were calculated from a weighted mean of the individual ages calculated for each fraction. The error in the integrated closest to forming a plateau was obtained on sample KD-4B3 for fractions 6 and 7, which yielded ages of 1920±3 and age also includes the error due to the analytical scatter in the standards. Plateau ages were calculated for those regions of 1953±3 Ma and represent 74 per cent of the total 39Ar released. the age spectrum where (1) at least three consecutive fractions agreed in age within their 2s errors, and (2) the cumulative 39Ar release in the segment was at least 30 per cent of the total Single-grain 40Ar/39Ar dating 39Ar. The age and errors for the plateau were calculated in the same way as the integrated ages.
To complement the conventional 40Ar/39Ar study, single hornblende and biotite grains from the MGD at site 21 ( Fig. 1 ) Muscovite, biotite and microcline separates were obtained from the two Nelshoogte samples and analysed. The results were dated by the single-grain step-heating technique (Layer, Hall & York 1987) . Potassium content determinations perobtained are given in Table 2 and Appendix A. The integrated ages, as well as the plateau ages, calculated for the mineral formed at the University of Alaska Fairbanks found that the hornblende contained 1.180 wt per cent K 2 O (0.980 wt per separates from sample BT-1C are consistently older than those obtained from sample BT-1F. cent K), and the biotite contained 2.647 wt per cent K 2 O (2.197 wt per cent K). The low potassium content in the biotite Age spectra obtained for muscovites from both sites are shown in Fig. 3(a) . It can be seen that the age spectrum for (unaltered biotites generally have approximately 9 wt per cent K 2 O), which was also seen in biotites from sample BT-1F, sample BT-1F seems more perturbed than that of BT-1C, particularly in the lower-temperature fractions. The plateau indicates that these biotites may have been severely altered and suffered potassium loss. ages calculated for these samples are 3107±54 Ma for BT-1C and 3032±8 Ma (2s) for BT-1F and are statistically distinct.
The mineral grains and three grains of the Zartman hornblende standard hb3gr were irradiated on aluminium trays, Furthermore, rough estimates of the total K and Ca contents (uncertainties of about 10 per cent) were obtained from the which were loaded into the inlet system for 192 MW h. Each standard was fused in a single step and the J-values from the absolute amounts of potassium-derived 39Ar and calciumderived 37Ar. These estimates yielded 8.4 per cent K and 0.3 three grains were averaged to determine a J for the tray. The mineral grains were step-heated with a continuous laser with per cent Ca for sample BT-1C, while sample BT-1F seems to have suffered some K loss and Ca gain. The K and Ca a beam size of sufficient diameter to cover the grain completely and ensure uniform heating. The temperature of the grain estimates for this sample were 5.6 per cent and 1.5 per cent, respectively (Fig. 3b) . It is possible that the argon systematics during heating was monitored using an infrared microscope. Analyses were performed on a VG Micromass 1200S mass have been altered in sample BT-1F, and perhaps this is related to the change in the chemical composition of the mica, or that spectrometer at the University of Toronto. Four hornblende grains were step-heated, with one to seven this difference in the chemical composition generated a less retentive mica.
fractions collected per grain (Appendix A). Three of the four grains showed consistent ages and Ca/K values; however, the The biotite age and Ca/K spectra, as can be seen in Figs 3(c) and (d), respectively, follow the same pattern as those for fourth grain ( hbd #3, Table 2 ) had a slightly younger age and higher Ca/K value (Figs 6a and b), and in the following the muscovites. The BT-1C biotite yielded an older, and slightly less perturbed, age spectrum than did the BT-1F discussions of the age of the hornblende, this grain is not included.
Step-heating of the hornblende revealed that all biotite. Duplicate analyses performed on BT-1C biotite yielded a plateau age of 3018±17 Ma while a single analysis fractions had the same age within experimental error (Fig. 6a) . There was no evidence of argon loss or excess argon in the 3100 Ma, 80 Myr after the time of hornblende blocking. low-temperature release fractions as has been seen in other Mathematical modelling following Hall & York (1982) was single hornblende grains (e.g. Layer et al. 1989) . In calculating performed on the age spectrum from the BT-1C muscovite, the plateau ages for these grains, all fractions could be used, and the results are consistent with this sample cooling through hence the plateau ages equal the integrated ages. The three its blocking temperature at about 3100 Ma, with some argon hornblende grains have a combined 40Ar/39Ar plateau age of loss at about 3030 Ma. The difference between the hornblende 3179±18 Ma (Table 2) .
and muscovite ages indicates a slower cooling rate, of about Two biotite grains from this site have age spectra reminiscent 2°Myr−1, from 500°C to 350°C. of the bulk-sample spectrum from site BT-1F in the pluton Modelling of the biotite age spectrum from sample BT-1C (Figs 6c and d and Appendix A). These spectra are disturbed indicates that it has a blocking age of about 3030 Ma. The and yield poorly constrained plateau ages of 2891±21 Ma and difference between the muscovite and biotite ages from sample 2904±22 Ma, respectively, similar to, but slightly younger BT-1C may be due either to slow cooling or to a resetting than, the plateau from the BT-1F biotite. event at 3030 Ma which totally reset the biotite and only partially affected the muscovite. This thermal event may have been caused by the intrusion of massive sheet batholiths such INTERPRETATION OF THE as the Mpuluzi Batholith at about 3000 Ma (Anhaeusser & GEOCHRONOLOGY Robb 1983; Krö ner et al. 1989 ). We interpret the new ages from the Nelshoogte Pluton as
The younger biotite ages from site BT-1F and the MGDs follows. The main trondhjemite phase of the pluton was may reflect slow cooling following the Mpuluzi reheating event emplaced at about 3213 Ma as recorded by the zircon and which reset the biotite and low-potassium muscovite argon apatite ages. It was later intruded by gabbroic dykes (the clocks. Following this resetting event, the pluton cooled slowly MGDs) at about 3179 Ma (hornblende 40Ar/39Ar age) and or remained near the closure temperature of biotite for approxicooled through the hornblende blocking temperature (about mately another 100 Myr, as can be seen by the dispersion 500°C, McDougall & Harrison 1988) . The difference between of biotite ages. Cooling rates for this temperature range the zircon and hornblende ages indicates a cooling rate of (200-300°C) would be much less than 1°Myr−1. about 6°Myr−1 from 700°C to 500°C. However, these data Later DD emplacement is recorded by whole-rock ages of do not preclude an interpretation that the pluton cooled far about 1900 Ma. Thus, apart from local resetting due to the more rapidly at about 3213 Ma (the zircon age) and then was dolerite dyke emplacement, it seems likely that the pluton reheated during the intrusion of the MGDs at 3179 Ma.
cooled through the 600°C to 400°C temperature range near Muscovites from the pluton may have reached their blocking temperature (350°C, McDougall & Harrison 1988) at about the time of hornblende blocking at 3179±18 Ma. the wrong core orientation information was used to analyse PALAEOMAGNETIC STUDY the magnetic vectors, results from these sites are not included in the discussion. 31 sites (207 samples) from the trondhjemite of the NHP and five sites (31 samples) from cross-cutting dykes (Fig. 1) were One specimen from each core was stepwise demagnetized in successively higher alternating fields up to 80 mT in the sampled for palaeomagnetic study. Between four and 10 fielddrilled cores were collected at each site. Sites in the pluton cryogenic magnetometer at Stanford University, and stable demagnetization vectors were isolated using principalwere generally chosen so as to be far from the pervasive dykes. However, owing to intermittent exposure, this could not always component analysis (Kirschvink 1980) . Selected specimens were thermally demagnetized in steps up to 700°C for be guaranteed. In selected cases, sites were deliberately chosen so as to be in the reheating zone of the dykes. Most sites were determination of magnetic carriers and unblocking temperatures. river-cut outcrops, where the exposure was the freshest, although a few sites were located in rounded, domed outcrops Table 3 and Fig. 7 show the mean magnetic directions obtained from the trondhjemite. During demagnetization, most away from rivers. We believe that sampling river exposures reduces the possibility of lightning strikes, because of their low specimens showed stable univectorial behaviour, and generally one of two components is seen. It should be noted that in elevation. The sites were located in the southern and central portions of the pluton because the northern part is not very most sites there would often be one or two specimens which showed anomalous, yet stable, directions. Although we do not well exposed, generally has a deeper weathering zone and is not readily accessible by vehicle. Three sites, numbers 18, 19, have an explanation for this dispersion, a similar behaviour was observed in the Kaap Valley Pluton (Layer, Krö ner & and 33, were located in highly eroded, intermittent-stream valleys where a very deep weathering zone made it impossible McWilliams 1996). Evans (1967) reported similar behaviour in the Gaborone Granite of Botswana. It is possible that this to obtain fresh specimens. Owing to questions about sample numbering in the field, samples from two sites (16 and 17) is due to the slow cooling of the pluton or to heterogeneities in the mineralogy of the pluton. Nevertheless, two dominant may have been misoriented. Rather than risk the chance that be isolated. A steep, positive-inclination component (B+) is present in six sites, while a steep, negative-inclination compocomponents were isolated from specimens at a majority of sites throughout the pluton. The first of these directions, nent (B−) is found in five sites (Tables 3 and 4 , Fig. 7 ). The palaeomagnetic poles calculated from the site mean VGPs of direction A, is seen in 17 sites in the trondhjemite. 11 sites show a northwesterly directed component (A+ , Table 4 ), these two groups are 143°apart. Such a departure from antipodal directions may imply that the two polarities were whereas six sites showed a much more scattered southeasterly direction (A−). The palaeomagnetic poles calculated from the acquired at different times. The large A 95 values make it difficult to confirm that the two polarities are from different site mean VGPs of these two directions are 167°apart; however, given the large A 95 on the A− direction, the two populations. In the following discussions of the B component, therefore, we will not combine the B+ and B− palaeomagnetic magnetic directions are antipodal, and the mean palaeomagnetic pole for all 17 sites is 309.8°E, 17.6°N, K=16, poles into an averaged palaeomagnetic pole. In one specimen, the B− component is present as an A 95 =9.4° (Table 4) . Thermal demagnetization of specimens showing the A direcoverprint on the A+ component. The B+ and B− palaeomagnetic directions have steep inclinations, and the corresponding tion showed that this component is stable and has a distributed unblocking-temperature range reaching a maximum of 560-palaeomagnetic poles are similar to others dated at about 2000 Ma, such as that from the Bushveld Complex (Hattingh 580°C, indicating titanomagnetite as the primary magnetic remanence carrier. The A component is always the highest-1983), the Witwatersrand Supergroup overprint (Layer et al. 1988b ) and the Vredefort Dome (Hargraves 1970) (Table 4) . coercivity or highest-blocking-temperature component present, and in one specimen, both the A+ and A− components were Examination of the site directions of the B+ and B− components (Fig. 7, Table 4 ) and the resultant VGPs indicates that seen during alternating-field (AF) demagnetization.
The second component, B, is seen in specimens from 11 the distributions may not be Fisherian, and seem to be 'smeared' along a southwest to northeast path. It may be that sites. AF and thermal-demagnetization experiments show behaviour similar to that seen in specimens showing the A each site mean B direction represents a slightly different time along an apparent polar wander path. component, and two approximately antipodal directions could Two dyke localities in the NHP were sampled. Both outcrops 400°C and 580°C. The B+ palaeomagnetic pole from sites 4 and 11 as calculated from six specimen VGPs (19.6°S, 17.5°E, are exposed in the Komati River and are located 3 km apart. The first locality is in a 1.5 m wide MGD (site 21). The second K=11, A 95 =21°) is only 18°away from the B+ pole from the pluton, while the B− palaeomagnetic pole from site 10 locality is made up of several sites (numbers 4, 10, 11, 23 and 24) in a small dyke swarm of varying composition, although calculated from four specimen VGPs (14.5°S, 216.7°E, K=63, A 95 =12°) is 27°away from the B− pole from the pluton the relationship between the coarser-grained MGDs and the fine-grained DDs was not noted in the field.
( Table 4) . As was seen in the trondhjemite, these two poles are not antipodal (they are 140°apart). Two magnetic directions similar to those found in the trondhjemite are seen in the dykes, and correlate with dyke
The direction at site 24 is shallower than the B+ direction found elsewhere (Fig. 7) . At this site, the dyke is very thin lithology. The MGD, which has an Archaean 40Ar/39Ar age, shows only the A direction, and samples from the MGD show (10 cm wide), and secular variation was probably not averaged during dyke cooling. This is compatible with the high k-value demagnetization characteristics similar to those from the trondhjemite specimens (unblocking temperatures from 560°of 228 (Table 3) . A second possible explanation of the directions from this site is that this small dyke was intruded relatively to 600°C). The well-defined palaeomagnetic direction (Fig. 7) and VGP (20.6°S, 134.6°E) from site 21 show the A− direction, late (it is observed to cross-cut all other dykes) and has a corresponding palaeomagnetic pole further down the apparent and the VGP is 175°away from the mean A palaeomagnetic pole determined from the trondhjemite samples, while the less polar wander path for the lower Proterozoic. well-defined A+ VGP (34.2°N, 331.4°E) seen in site 23 is 26°a way (A 95 =31°). This implies that the magnetizations of the DISCUSSION OF THE PALAEOMAGNETIC trondhjemite and the MGD were probably acquired at the STUDY same time.
The DDs, which have Proterozoic ages, show both the B+ The palaeomagnetic study shows that a stable, consistently shallow northeast direction (A+) is present in 11 sites in the and B− directions. The DD specimens show a very different behaviour, with two discrete unblocking temperatures at Nelshoogte Pluton. The between-site dispersion is moderately Site: sampling site; N: number of specimens per site; n: number of specimens used in calculation of mean direction; D, I, Lat. Lon.: site mean declination, inclination, VGP latitude (°N) and VGP longitude (°E); k: Fisherian precision parameter; a 95 : radius of a circle of 95 per cent confidence about the mean direction; Dir.: palaeomagnetic direction classification (A, direction A was used to calculate the mean A pole; B, direction was B used to calculate the mean B pole; U, unknown direction; + and − refer to the polarity of the direction).
low (K=28 for the palaeomagnetic pole), and the sites are located 9°, shown in Fig. 8 ) implies an equatorial palaeolatitude of 0°. Inclusion of the MGD results does not significantly change this over a wide area in the pluton. A less well-defined, antipodal population was isolated at six sites. These directions are also result. On the basis of the similarity between the MGD VGP and the A pole, and the unblocking temperatures seen in the A seen in the MGD within the pluton. A palaeomagnetic pole calculated from the 17 pluton sites (18°N, 310°E, K=16, A 95 = component, we suggest that the age of magnetization of the trondhjemite is best represented by the age of hornblende from tion by the Proterozoic B direction, indicating that the magnetization pre-dates approximately 2000 Ma; (5) antipodal the MGD (3179±18 Ma). The ages from the trondhjemite are consistent with the hornblende age being the blocking age, with reversals in the pluton; and (6) the lack of similarity of the Nelshoogte pole to other Archaean and Proterozoic poles. The zircon (T B =700°C at 3213 Ma) being older and muscovite (T B = 350°C at 3107 Ma) being younger. It should be noted that the seventh criterion is that of structural control and tectonic coherence. With a pluton it is difficult to determine whether A direction seen in the Nelshoogte pluton is also seen as an overprint in samples from the adjacent Kaap Valley pluton, or not there has been significant rotation and we do not feel confident in assigning this criterion to the Nelshoogte A identified as the C1 direction in Layer et al. (1996) .
The second, less well-defined, stable direction (B), with direction. However, the presence of the B direction, which is widespread in the Kaapvaal Craton, seems to indicate that the approximately antipodal components, is seen in the trondhjemite and the DD samples. This magnetic direction is seen as an pluton has not rotated relative to the craton since approximately 2000 Ma. Also, the similarity of the A direction to that overprint on (it is younger than) the A direction in the NHP. The results from the dolerite dykes support the idea that the B of the C1 overprint in the Kaap Valley pluton seems to imply that at least these two bodies acted as a single structural block magnetization was acquired at the time of dolerite intrusion. The similarity of the B pole to other early-Proterozoic poles and the since approximately 3180 Ma, so it is possible that the A direction does indeed reflect the true palaeolatitude of the whole-rock 40Ar/39Ar ages from the dykes are consistent with the idea that the B magnetization is post-Archaean (Table 4) .
Kaapvaal Craton at that time. The departure from antipodality of the B+ and B− poles may reflect the fact that dyke intrusion at this time was a protracted CONC LUSIONS event.
Van der Voo (1990) has developed a seven-criterion Q-factor The new 207Pb/206Pb and 40Ar/39Ar ages are consistent with previous results from the Nelshoogte Pluton, but the new ages to assess palaeomagnetic poles. We assign the Nelshoogte A pole a Q-factor score of 6 on the basis of (1) a well-defined are far more precise. The range in ages spans over 200 Myr and indicates that this pluton underwent slow cooling from magnetization age; (2) a sufficient number of samples (N>24, k>10 and a 95 <16); (3) stepwise demagnetization and vector 700°C to 200°C and also experienced resetting events later in its history. The combination of dating by two different methods identification; (4) partial overprinting of the A magnetic direc- Table 4 for references).
and using several minerals allows for precise determination of Krö ner & Layer (1992) , contradicting Hale's (1987) hypothesis. With only six Archaean poles spanning almost 1000 million the thermal history of the pluton.
The palaeomagnetic study of the NHP provides a wellyears, meaningful estimates of plate velocities cannot be calculated. However, this study does provide evidence for significant documented, precisely dated, equatorial palaeomagnetic pole at 3179±18 Ma. This pole is significantly different from others thus cratonic movement (as seen by apparent polar wander) prior to 2500 Ma, extending Evans's (1967) observation of early far obtained for the Archaean in southern Africa (Fig. 8) . When these data are combined with other Archaean palaeomagnetic Proterozoic apparent polar wander back into the middle Archaean. In addition, the approximate antipodal nature of the poles, a picture of significant apparent polar wander in the Archaean for the Kaapvaal Craton emerges as suggested by site mean magnetic directions as was seen in the 3214 Ma Kaap
